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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a fuel injection valve 
having good 

controllability and safety, capable of completely filling a 
displacement 

enlarging chamber with hydraulic operating oil after 
assembling, conducting the 

next starting in spite of long time stopping the operation, 
and restraining 

excessive fuel injection in spite of abnormality caused 

during elongation of a 

piezo-actuator. 

SOLUTION: The displacement enlarging chamber 6 in which an 
operating fluid is 

filled is provided between a large-diameter piston 17 
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driven by a piezo- 

actuator 14 and a small-diameter piston member 18 for 
driving a three-way valve 

5. A passage 72 communicating with a drain passage 2 is 
provided in the 

large-diameter piston 17, and a check valve 8 formed by a 
flat valve 81 is 

provided between the passage 72 and the displacement 
enlarging chamber 6. The 

displacement enlarging chamber 6 and the passage 72 are 
communicated with each 

other by a pin hole 84 formed in the flat valve 81. The 
hydraulic operating 

oil and air in the displacement enlarging chamber 6 can be 
discharged through 

the pin hole 84 so that filling of hydraulic operating oil 
can be facilitated 

and disadvantage such as disability of starting can be 
prevented . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the fuel injection valve of the 
bulb driving gear which used the actuator of an electric type, and the internal combustion engine having 
this bulb driving gear. 
[0002] 

[Description of the Prior Art] In order to inject high-pressure fuel to a diesel power plant etc., the fuel 
injection valve of the hydraulic-drive formula which used the piezo actuator etc. is devised 
conventionally, the piston member of the major diameter which displaces this fuel injection valve with 
expansion and contraction of a piezo actuator, and the variation rate with which the hydraulic oil was 
filled up ~ the bulb driving gear which has arranged the expansion room and the piston member of the 
minor diameter which drives a bulb in same axle in this order ~ having ~ the piston of a major diameter 
— the variation rate of a member — a variation rate ~ oil pressure conversion is carried out, and it 
expands at an expansion room, and is transmitting to the piston member of a minor diameter 
[0003] the time of extension of a piezo actuator — the piston of a major diameter - a member and a 
variation rate ~ if the piston member of a minor diameter descends through an expansion room and a 
bulb is opened, the pressure of the control room which gives back pressure to a nozzle needle will 
decline, a nozzle needle will go up, and fuel will be injected from a nozzle hole Then, if a piezo actuator 
is shrunk, in connection with the piston member of a major diameter going up, the piston member of a 
minor diameter will go up, a bulb will close the valve, and fuel injection will be suspended. 
[0004] On the other hand, in order to fill up the hydraulic oil leaked from a displacement expansion 
room in the bulb driving gear of the above-mentioned composition, there are some which established the 
mechanism which supplies a hydraulic oil to a displacement expansion room through a check valve. For 
example, the path which introduces the leaker from a nozzle needle is established in U.S. Pat. No. 
5779149 near the displacement expansion room, and the fuel injection valve linked to the displacement 
expansion room is indicated through the check valve which consists of a ball valve and a coil spring. 
Moreover, the fuel injection valve which is radial and arranged outside the restoration valve which 
compensates leakage loss is indicated by JP,1 1 -166653,A to the displacement expansion room. It has 
considered as the arrangement which makes small the dead volume by addition of a restoration valve 
with the check valve with which this restoration valve also consists of a ball valve and a coil spring. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when the above-mentioned mechanism is filled up 
with a hydraulic oil after the problem of ** - **, i.e., ** assembly, below at a displacement expansion 
room, Since a minor diameter piston will descend by gravity and the hydraulic oil for the volume change 
will be filled up through a check valve, if ** operation air remains and it becomes inadequate operating 
is suspended for a long period of time, If an energization circuit is disconnected while ** piezo actuator 
to which it becomes impossible to go up and a minor diameter piston is not made as for the next starting 
develops, since it will become impossible to contract a piezo actuator and the oil pressure of a 
displacement expansion room will be held on high level, There is a problem that fuel injection continues 
and it is required that a controllability and safety should be raised more. 

[0006] the thing for this invention solving a technical problem in the above-mentioned actual condition - 
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- it is — the purpose — after ** assembly ~ a variation rate — even if it can fill up an expansion room 
with a hydraulic oil completely and suspends ** operation for a long period of time, the next starting 
becomes impossible, and while ** piezo actuator develops, even if abnormalities arise, it is in offering 
the bulb driving gear and fuel injection valve excellent in a controllability and safety which can suppress 
superfluous fuel injection 

[0007] 

[Means for Solving the Problem] the 1 st piston of the major diameter which drives the bulb driving gear 
of a claim 1 with an actuator — a member caudad An expansion room is prepared, the 2nd piston 
member of the minor diameter which drives a bulb ~ allotting — both [ these ] pistons ~ the variation 
rate with which a working fluid is filled up between members -- the 1st piston of the above ~ the bulb 
driving gear which expands the variation rate of a member and is transmitted to the piston member of 
the above 2nd — setting ~ the above ~ a variation rate — the upper part of an expansion room — a drain 
path -- preparing -- this drain path and the above -- a variation rate -- it is characterized by making an 
expansion room open for free passage through a pinhole 

[0008] A hydraulic oil can be completely filled up into a displacement expansion room with establishing 
the above-mentioned pinhole by carrying out vacuum length through a pinhole after ** assembly, 
moreover — even if it suspends ** operation for a long period of time and the 2nd piston member of a 
minor diameter descends ~ a variation rate ~ since the hydraulic oil of an expansion room can be 
discharged from a pinhole ~ the 2nd piston of a minor diameter — elevation of a member is possible and 
the next starting is attained Furthermore, while ** piezo actuator develops, even if abnormalities arise, 
since a hydraulic oil flows out of a pinhole into a drain path, oil pressure of a displacement expansion 
room cannot be held more than the predetermined time decided by the path of a pinhole. Therefore, 
since a bulb returns to an initial valve position by the oil pressure fall of a displacement expansion room, 
fuel injection can be suppressed and a controllability and safety are raised. 

[0009] The diameter of the above-mentioned pinhole is set to O.02-0.5mm in a claim 2. Specifically, if a 
pinhole is set up in this range, the above-mentioned operation will be made effectively. 
[0010] a claim 3 ~ like -- the above - a variation rate ~ between an expansion room and the above- 
mentioned drain paths — the above from the above-mentioned drain path ~ a variation rate — if the 
check valve into which accept it to an expansion room and a working fluid is made to flow is prepared, 
the supplement of the working fluid by leak can be performed easily If the above-mentioned check valve 
is constituted from a flat valve and the above-mentioned pinhole is prepared in this flat valve at this 
time, the above-mentioned effect will be easily acquired by change of easy composition. 
[001 1] a claim 4 — like — the 1st piston of the above — a member ~ the path which is open for free 
passage inside at the above-mentioned drain path ~ forming ~ this path and the above — a variation rate 

- the above-mentioned pinhole can also be arranged between expansion rooms the 1 st piston of the 
above — a member ~ if the free passage way to the above-mentioned drain path is formed inside, an 
equipment configuration will be made simply 

[0012] like a claim 5, penetrate the piston member of the above 1st in the vertical direction, prepare the 
above-mentioned path suitably, a flat valve allots soffit opening of this path, and the above-mentioned 
path passes from the above-mentioned drain path — the above — a variation rate — while making with the 
check valve into which accept it to an expansion room and a working fluid makes flow — the above- 
mentioned flat valve ~ the above-mentioned path — minding ~ the above-mentioned drain path and the 
above ~ a variation rate — the above-mentioned pinhole which makes an It is a book more simply by 
considering as the composition which combined claims 3 and 4. 

[0013] a claim 6 ~ like ~ the 1st piston of the above - if it is the composition to which prepare the 
above-mentioned drain path and a sump ball room open for free passage above a member, and this sump 
ball room is made to carry out opening of the above-mentioned path — the above ~ a variation rate ~ 
supply of a hydraulic oil in an expansion room and the outflow close of the hydraulic oil through the 
above-mentioned pinhole are made easily 

[0014] a claim 7 ~ like — the above-mentioned actuator — the above — a variation rate — an expansion 
room and the loculus which hold the spring energized to opposite direction can be prepared, and it can 
also consider as the above-mentioned sump ball room If it constitutes so that the above-mentioned sump 
ball room may serve as a spring room, an equipment configuration becomes simple and is desirable. 
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[0015] A claim 1 or 7 is the fuel injection valve which builds in the bulb driving gear of a publication 
either, and invention of a claim 8 controls a start and halt of fuel injection by the drive of the above- 
mentioned bulb. By applying the above-mentioned bulb driving gear, the fuel injection valve excellent 
in a controllability and safety is realizable. 

[0016] the 1st piston of the major diameter which drives invention of a claim 9 with an actuator ~ a 
member caudad An expansion room is prepared, the 2nd piston member of the minor diameter which 
drives a bulb -- allotting - both [ these ] pistons - the variation rate with which a working fluid is filled 
up between members ~ the 1st piston of the above ~ the fuel injection valve which builds in the bulb 
driving gear which expands the variation rate of a member and is transmitted to the piston member of 
the above 2nd ~ it is — the above ~ a variation rate « the working fluid of an expansion room ~ product 
shipment — preceding -- the above -- a variation rate ~ it is characterized by filling up an expansion 
room 

[0017] the above -- a variation rate ~ a fuel injection valve equipped with an expansion room — the 
above - a variation rate ~ since it is beforehand filled up with a working fluid and is shipped, it can be 
made to start with the above-mentioned composition, immediately after equipping an engine, although a 
normal function is not achieved until an expansion room is full of a working fluid 
[0018] this time ~ a claim 10 — like — a working fluid — the above - a variation rate - it is good to 
make it fill up, after making an expansion room into a vacuum performing restoration, after making it a 
vacuum ~ the above ~ a variation rate — since an expansion room can be completely filled up with a 
working fluid — the above — a variation rate ~ air remains in an expansion room and transfer of a 
variation rate is not barred 

[0019] Preferably, it seals like a claim 1 1 at the opening edge to the exterior of the fluid channel formed 
in main part housing. Since the interior is filled up with the working fluid, the concern which produces a 
liquid spill etc. at the time of shipment cancels the above-mentioned fuel injection valve by closing 
opening by the above-mentioned sealing on the occasion of shipment. 
[0020] 

[Embodiments of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained 
according to a drawing. Drawing 1 is drawing showing the composition of the fuel injection valve V 
which builds in the bulb driving gear 1 which applied this invention, for example, is used suitable for the 
common rail injection system of a diesel power plant. A fuel injection valve V opens and closes the 
nozzle hole 1 1 prepared at the nose of cam of the nozzle body B 1 by vertical movement of the nozzle 
needle 12, and starts or stops injection of fuel. A nozzle hole 1 1 serves as close, when the nozzle needle 
12 is in a soffit position, while it becomes open, it flows with the reserve- well ball 31 following the 
high-pressure path 3 and fuel is supplied, when the nozzle needle 12 is in a upper-limit position, a flow 
with the reserve-well ball 3 1 is intercepted, and supply of fuel is stopped. The soffit position of the 
nozzle needle 12 is determined by the nozzle sheet 13 to which the nozzle needle 12 sits down, and a 
upper-limit position is determined by the orifice plate P 1 of the nozzle body Bl upper part. 
[0021] The nozzle body Bl is arranged in the soffit of the housing H of the bulb driving gear 1 through 
orifice plates PI and P2, and is fixed to an oiltight in tubed nozzle-holder B-2. The high-pressure path 3 
is prolonged upwards from the reserve-well ball 31, and is open for free passage to the external common 
rail (****) through the inside of orifice plates PI and P2 and Housing H. In Housing H, the drain path 2 
for fuel return which is open for free passage into an external fuel tank (****) is formed. Between the 
upper-limit section of the nozzle needle 12, and the orifice plate PI, control room 4 is formed and the 
nozzle needle 12 is always energized in the closed direction (lower part) by the spring force of a spring 
41 and the oil pressure of control room 4 which were allotted in control room 4. 
[0022] The oil pressure of control room 4 is controlled by the method valve 5 of three as a bulb which 
forms some bulb driving gears 1. The method valve 5 of three consists of the valve chest 51 of 
approximate circle drill type formed in the soffit of Housing H, and a valve element 52 of an 
abbreviation globular form, and the valve chest 5 1 is always opening it for free passage with control 
room 4 through the path which penetrates orifice plates PI and P2, and the main orifice 42 prepared in 
the soffit. The valve chest 5 1 has two ports, the drain port 21 and the high-pressure port 32,, and if the 
valve element 52 in the valve chest 5 1 moves to the upper part or a lower part and blockades one side of 
the two above-mentioned ports, another side will be opened wide and it will flow with control room 4. 
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The drain port 21 is open for free passage to the drain path 2 through the spill room 22 established in the 
valve chest 5 1 upper part, and is opening for free passage the high-pressure port 32 which penetrates an 
orifice plate P2 up and down to the high-pressure path 3 through the slot 33 established in the orifice- 
plate P2 soffit side in the direction of a path. 

[0023] Therefore, if the valve chest 51 is open for free passage in the drain port 21, control room 4 
serves as low voltage, and the nozzle needle 12 will separate from a nozzle sheet 13, and it will go up. 
On the other hand, if the valve chest 5 1 is open for free passage in the high-pressure port 32, it will 
become high pressure, the nozzle needle 12 will descend, and control room 4 will sit down to a nozzle 
sheet 13. Here, control room 4 is always open for free passage with the high-pressure path 3 with the sub 
orifice 43 which the soffit of the high-pressure port 32 was made to open for free passage, and was 
prepared in the orifice plate PI, without minding the method valve 5 of three. By making fuel flow into 
control room 4 through the sub orifice 43 from the high-pressure path 3, this sub orifice 43 eases the 
failure of pressure of control room 4 at the time of an injection start, makes the nozzle needle 12 open 
gently, and has the operation which a pressure buildup is promoted [ operation ] at the time of an 
injection end, and makes the nozzle needle 12 close quickly. 

[0024] In addition, opening to the valve chest 51 of the drain port 21 forms the cone-like drain sheet 53, 
and opening to the valve chest 5 1 of the high-pressure port 32 forms the high-pressure sheet 54 of a flat 
configuration. Thus, one side is made into a flat configuration because the imperfect alignment of a 
valve element 52 is permitted. Although a valve element 52 blockades the port which corresponds by 
sitting down on one of the sheets 53 and 54, it is an ordinary state that in the pressure of the valve chest 
5 1 the valve element 52 has sat down on the drain sheet 53 since it is always higher than the pressure of 
the drain port 21. The taking-a-seat force to the high-pressure sheet 54 is given with the minor diameter 
piston 18 of the bulb driving gear 1. Next, the detail of the bulb driving gear 1 is explained. 
[0025] the piezo actuator 14 with which the bulb driving gear 1 is held in the upper-limit circles of 
Housing H, and the piezo piston 1 5 which displaces to one in contact with the soffit — having ~ the 
variation rate of the piezo actuator 14 — the 1st piston ~ the major-diameter piston 17 which is a 
member, and a variation rate ~ the expansion room 6 - minding ~ the 2nd piston -- it transmits to the 
minor diameter piston 18 which is a member The piezo actuator 14 is well-known composition, and 
elongate by pouring of a charge, and it comes to carry out the laminating of the piezo electric crystal 
contracted by discharge of a charge, it expands and contracts according to applied voltage, and it drives 
the piezo piston 15. The piezo piston 15 is arranged free [ sliding ] in the piezo cylinder HI, and is 
connected with the major-diameter piston 17 with the narrow diameter rod 16. The major-diameter 
piston 17 and the minor diameter piston 18 are arranged respectively free [ sliding ] in the major- 
diameter cylinder H3 formed in the cylinder formation member H2 in same axle, and the minor diameter 
cylinder H4, and from the upper surface of the major-diameter piston 17, a rod 16 is prolonged up, and 
is driven in and fixed to the inferior surface of tongue of the piezo piston 15. 

[0026] The space formed in the circumference of the rod 16 of piezo piston 15 lower part is made with 
the sump ball room 7 which is open for free passage to the drain path 2, and a spring 71 is held and it is 
energizing the piezo piston 15 up. Simultaneously, the major-diameter piston 17 connected with the 
piezo piston 15 and one is also energized up with a spring 71 . Thereby, the piezo piston 15 and the 
major-diameter piston 17 move up and down to one according to expansion and contraction of the piezo 
actuator 14. In addition, in order to prevent that the hydraulic oil in the sump ball room 62 pollutes the 
piezo actuator 14, O ring 73 is formed in the periphery of the piezo piston 15. Moreover, the path for 
making the drain path 2 open the sump ball room 7 for free passage is formed by being closed down by 
the plug 74, after forming a through hole in the direction of a path from a housing H side attachment 
wall at the sump ball room 7. 

[0027] The cylinder formation member H2 has the diameter reduction section in the upper part of the 
minor diameter piston 18, and forms the stopper 61 which regulates movement to the upper part of the 
minor diameter piston 18. The size cylinders H3 and H4 are open for free passage through this diameter 
reduction section, and the displacement expansion room 6 is formed of the oil pressure room B formed 
between the diameter reduction section, and the oil pressure room A formed between the minor diameter 
pistons 18 and the major-diameter piston 17. The displacement expansion room 6 carries out oil pressure 
conversion of the variation rate of the piezo actuator 14, amplifies it according to **** of the size 
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pistons 17 and 18 (for example, two to 3 times of the variation rate of the major-diameter piston 17), and 
is transmitted to the minor diameter piston 18. The soffit section of the minor diameter piston 18 was 
located in the spill room 22 formed under the cylinder formation member H2, and the narrow diameter 
point was inserted in in the drain port 21, and it is in contact with the valve element 52. 
[0028] In the major-diameter piston 18, a path 72 is formed at shaft orientations, and the upper limit of a 
path 72 is prolonged in the end face circles of a rod 1 6, branches to T typeface, and is carrying out 
opening to the sump ball room 7. Opening of the soffit of a path 72 is carried out to the soffit side of the 
major- diameter piston 1 8, and it is open for free passage in the displacement expansion room 6 through 
the check valve 8 with which the soffit of the major-diameter piston 1 8 was equipped, a check valve 8 — 
a variation rate - the time of the fuel of the expansion room 6 decreasing in number by leak etc. — the 
variation rate from the sump ball room 7 — it consists of a pan spring 82 which energizes up the flat 
valve 81 which it is and closes soffit opening of a path 72 and the flat valve 81 for supplementing the 
expansion room 6 with fuel As shown in drawing 2 (a), the flat valve 81 is what cut two upper and lower 
sides of disk-like sheet metal (thickness : 0.1 -0.2mm) in parallel, and lacked them, and has formed the 
pinhole 84 (diameter : 0.02-0. 5mm) in the center. About an operation of this pinhole 84, it mentions 
later. 

[0029] The pan spring 82 is the ring configuration shown in drawi ng 2 (b), and is made small with the 
energization force 0.5-2N very thinly (thickness : 0.01 -0.05mm). The electrode holder 83 which carries 
out receipt maintenance of these flat valve 81 and the pan spring 82 is a cylinder like object with base- 
like, and is driven in and fixed to the soffit outside periphery of the major-diameter piston 18. By fuel 
leak etc., if the pressure in the displacement expansion room 6 declines, the energization force of the pan 
spring 82 will be resisted, the flat valve 81 will descend, and fuel will flow from a path 72. Since a 
electrode holder 83 has the sufficiently large through hole 85 compared with a pinhole 84 on a base and 
fuel is freely circulated between the space in a electrode holder 83, and the displacement expansion 
room 6, the displacement expansion room 6 is promptly supplemented with fuel. 
[0030] The operation of the fuel injection valve of the above-mentioned composition is explained 
according to drawin g 3 . In the start of fuel injection, the voltage of 100-1 50V is impressed to the piezo 
actuator 14 (shown in drawing 3 as a:piezo voltage). The variation rate (for example, 40 micrometers) 
proportional to voltage is produced, only the same amount of displacement moves the piezo piston 1 5 
and the major-diameter piston 17 below, and the piezo actuator 14 raises the oil pressure (b) of the 
displacement expansion room 6 (time (1) - (2)). In addition, mainly, through the pinhole 84 of the flat 
valve 81 , although this oil pressure is slighter than it, it is leaked to a drain path through the path 
clearance of the periphery of the major-diameter piston 17 or the minor diameter piston 18, and it falls 
very gently after time (2). The minor diameter piston 1 8 descends by the oil pressure rise of this 
displacement expansion room 6, the lift of the valve element 52 is depressed and carried out from the 
drain sheet 53, and (c) and the high-pressure sheet 54 are sat (time (2)). At this time, as for the lift (c) of 
a valve element 52, only the surface ratio (for example, double precision) of the major-diameter piston 
17 and the minor diameter piston 18 is expanded to the variation rate of the piezo actuator 14. 
[0031] Since the valve chest 51 and the drain port 21 flow and a flow with the high-pressure port 32 is 
subsequently intercepted in connection with the lift (c) of a valve element 52, the pressure of the valve 
chest 51 declines and the pressure (d) of the valve chest 51 and the control room 4 open for free passage 
is reduced. The pressure (d) of control room 4 declines, if the oil pressure force of the reserve-well ball 
3 1 which acts on the nozzle needle 12 upward excels the oil pressure force of control room 4, and the 
spring force of a spring 41, the nozzle needle 12 will carry out a lift from a nozzle sheet 13, and 
injection of (e) and fuel will be started. 

[0032] In a halt of fuel injection, the voltage (a) is made into zero by making the charge of the piezo 
actuator 14 emit (time (3) - (5)). In the meantime, the piezo actuator 14 contracts only the amount of 
displacement at the time of voltage impression, returns to the original length, and the piezo piston 15 is 
energized by the spring 71 and it goes up. The major-diameter piston 17 connected with the piezo piston 
15 with the rod 16 also goes up with the piezo piston 15, and the oil pressure (b) of the displacement 
expansion room 6 is reduced. The force in which the minor diameter piston 1 8 forces a valve element 52 
on the high-pressure sheet 54 against the high pressure of the high-pressure port 32 by the oil pressure 
fall of the displacement expansion room 6 is lost, and it goes up with a valve element 52 (time (4)). 
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[0033] If a valve element 52 sits down on the drain sheet 53 again and the lift position (c) returns to an 
initial state, since the valve chest 51 will flow in the high-pressure port 32 and a flow with the drain port 
2 1 will be intercepted, the pressure (d) of the valve chest 5 1 and control room 4 is recovered. The 
pressure (d) of control room 4 rises, if the force of acting on the nozzle needle 12 downward excels the 
oil pressure force of the reserve-well ball 3 1, the nozzle needle 12 will descend, it will sit down to a 
nozzle sheet 13 again, and (e) and fuel injection will be suspended, this time (time (5) or later) — a 
variation rate ~ although the pressure (b) of the expansion room 6 produces the pressure part undershoot 
equivalent to the leak under injection, in order to inhale the fuel of the sump ball room 7 through a check 
valve 8, it returns to the original pressure promptly 

[0034] Next, an operation of the pinhole 84 at the time of abnormalities is explained using drawing 3 . 
For example, when the energization circuit to the piezo actuator 14 is disconnected during fuel injection, 
a two-dot chain line shows the behavior of each part in case there is no pinhole 84 with a dashed line 
about the behavior of each part in case there is a pinhole 84. If it disconnects where voltage is impressed 
to under [ 14 ] fuel injection (i.e., a piezo actuator), it becomes impossible to emit the charge of the 
piezo actuator 14, and piezo voltage (a) will be maintained while it has been high (dashed line of 
drawin g 3 (a)). Therefore, the variation rate of the piezo actuator 14 does not change, but when it 
becomes impossible for the piezo piston 15 and the major-diameter piston 17 to change the position and 
there are not, it becomes impossible to change the pressure (b) of the displacement expansion room 6 
intentionally. [ of 84 pinhole ] That is, when there is no pinhole 84, the leak from the displacement 
expansion room 6 is only from the periphery crevice between the minor diameter piston 1 8 and the 
major-diameter piston 17, and since it is very small, the failure of pressure of the displacement 
expansion room 6 can hardly be desired in time for dozens of ms (two-dot chain line of drawing. 3 (b)). 
Consequently, after time (3), the lift (c) of a valve element 52, the pressure (d) of control room 4, and 
the lift (e) of the nozzle needle 12 do not change, but have a possibility that fuel injection may be 
continued. 

[0035] On the other hand, in order that the fuel of the displacement expansion room 6 may leak to the 
sump ball room 7 through a pinhole 84 although piezo voltage (a) is in a high state when there is a 
pinhole 84, the pressure (b) of the displacement expansion room 6 declines gently (dashed line of 
dr awing 3 ). And from the voltage impression to the piezo actuator 14, after 3 - 5ms, it becomes 
impossible to resist the pressure of the high-pressure port 32 which acts on a valve element 52 upward 
(time (6)), and they go up [ a valve element 52 and the minor diameter piston 18 are united, and ]. 
Subsequently, if a valve element 52 sits down on the drain sheet 53, since a flow with the drain port 21 
will be intercepted, the pressure (d) of the valve chest 51 and control room 4 is recovered, the nozzle 
needle 12 sits down to a nozzle sheet 13, and (e) and fuel injection are suspended. 
[0036] Since that there is a possibility of producing the erosion of an engine and the fault on operation 
although about ten times [ usual / several times to ] as many fuel as this will be supplied to an internal 
combustion engine at this time is the case where the fuel of several times or more is supplied more than 
over number rotation of an engine, even if the injection at most for 3 - 5ms continues like the gestalt of 
the above-mentioned implementation, a problem is not produced at safety. Here, the value from which 
fuel injection cannot arise is chosen more than time for the size of a pinhole 84 to be equivalent to one 
rotation at the time of the highest rotation of an engine. For example, time to be equivalent to one 
rotation in the case of 5000rpm is 24ms, and the diameter of a pinhole 84 can attain this by 0.02-0.2mm. 
Although all will be emitted to an exhaust pipe even if much fuel is supplied if fuel injection stops in 
time not more than this, it is more desirable when the diameter of a pinhole is set up so that fuel 
injection may not happen 3 to 5ms or more, if degradation of a catalyst is taken into consideration. In 
order to attain this, the diameter of a pinhole 84 is good in it being 0.05-0.5mm. In addition, in time not 
more than this, there is a possibility that the regular maximum injection quantity may not be securable. 
[0037] Moreover, the operation at the time of the assembly of the fuel injection valve V by having 
established the pinhole 84 is explained below. After assembling a fuel injection valve V, unless it fills 
up with an oil (fuel) that there is no crevice in the displacement expansion room 6, an operation of the 
variation rate of the piezo actuator 14 is stabilized, and does not get across to the minor diameter piston 
18. Therefore, in order not to achieve a normal function until fuel is filled at the displacement expansion 
room 6 when it ships where a fuel injection valve V is assembled, and an engine is equipped, this 
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problem has time in starting of an engine. Then, after assembling a fuel injection valve V in such a case, 
the displacement expansion room 6 is filled up with fuel in advance of shipment. After connecting the 
high-pressure path 3 with a vacuum pump and specifically making all the cavities in a fuel injection 
valve V into a vacuum, it is good to supply fuel through the drain path 2. If there is no pinhole 84 at this 
time, after air has remained here, even if it is difficult to make the displacement expansion room 6 into a 
vacuum and supplies fuel from the drain path 2, it will not fill up completely. Moreover, the air which 
remained in the displacement expansion room 6 bars telling an operation of the variation rate of the 
piezo actuator 14 to the minor diameter piston 18. 

[0038] on the other hand, with the above-mentioned composition which formed the pinhole 84 in the flat 
valve 81 of a check valve 8 If the high-pressure path 3 is connected with a vacuum pump and carries out 
vacuum length, pass the inside of the control room 4 which is open for free passage through the high- 
pressure path 3 and the sub orifice 43. The inside of the displacement expansion room 6 can be made 
into a vacuum in the sequence further said from the main orifice 42 to the displacement expansion room 
6 through a path 72 and a pinhole 84 through the valve chest 5 1 , the drain port 21 , the spill room 22, the 
drain path 2, and the sump ball room 7. And since fuel can be promptly filled up into the displacement 
expansion room 6 with pouring in fuel from the drain path 2, air remains and fault is not produced. 
[0039] Then, in advance of shipment, the leakage of the fuel with which sealed at the opening edge 
(****) to the exterior of the high-pressure path 3 which protrudes on the upper-limit section of Housing 
H, and the drain path 2, respectively, and it was filled up etc. is inhibited. As sealing, a rubber screen 
etc. can be used, for example. Usually, the point of a fuel injection valve V is further equipped with the 
cap for nozzle protection, and a fuel injection valve V is shipped in this state. In case an engine is 
assembled, after attaching a fuel injection valve V to the cylinder head of an engine in the state where it 
sealed and removing these sealing, each opening edge is connected with the predetermined part of fuel 
piping. 

[0040] Furthermore, when an engine is suspended and it is left for a long time, the minor diameter piston 
18 may descend by self-weight. Since the displacement expansion room 6 is supplemented with fuel 
from the drain path 2 through a check valve 8 a descended part of the minor diameter piston 18 at this 
time, the problem to which elevation of the minor diameter piston 1 8 becomes difficult arises. That is, if 
it is going to put an engine into operation in this state, although the fuel supplied from the high-pressure 
path 3 tends to push up a valve element 52 and the minor diameter piston 18 with the dynamic pressure, 
if there is no pinhole 84, the displacement expansion room 6 serves as an abbreviation closed space, and 
cannot go up the minor diameter piston 18. For this reason, although a valve element 52 can be slightly 
separated from the high-pressure sheet 54, it cannot sit down on the drain sheet 53, consequently fuel of 
the high-pressure path 3 cannot continue flowing into the drain path 3, and cannot become 
predetermined high pressure (10-20MPa), and it cannot put an engine into operation. 
[0041] On the other hand, in this invention, since the pinhole 84 was formed in the flat valve 81 of a 
check valve 8, the fuel of the displacement expansion room 6 can flow into the drain path 2 through a 
pinhole 84. Therefore, since elevation of the minor diameter piston 18 and a valve element 52 is 
permitted, a valve element 52 can sit down on the drain sheet 53 promptly, and can prepare for starting 
of an engine. 

[0042] Although the thick thin pan spring 82 is used with the gestalt of the above-mentioned 
implementation in order to press the flat valve 81 of a check valve 8 to the soffit side of the major- 
diameter piston 17, the same role will be played if it is a circular and short spring with the small 
energization force. For example, you may use as a spring member what pierced a center section of 
circular sheet metal 86 like drawing 4 to the ligulate, and bent it caudad instead of the pan spring 82. 
Moreover, although the piezo actuator 14 is used as an actuator with the gestalt of the above-mentioned 
implementation, a solenoid and the actuator using the magnetostrictive effect are [ that what is necessary 
is just what generates a variation rate by energization ] sufficient as this. Moreover, it is not necessary to 
use the method valve of three as a bulb driven with an actuator, and the method valve of two is 
sufficient. 



[Translation done.] 
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